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Fig. 2. SHG autocorrelation traces of original soliton pulse (—), the pulses
generatedfromaWC-NOLM(--- ),andarectangularpulsegrating(—).Inset:
Optical spectrum of the rectangular pulse stream (20 ps, 2.5 Gb/s pulse stream
and central wavelength of 1557 nm) and 10 GHz, 3.5-ps wavelength converted
signal at 1544 nm.
down to 2.5 GHz and modulated to provide a pseu-
dorandom data sequence of 2.5-ps pulses at 2.5 Gb/s using a
high-speedLiNBO modulator.Thesepulseswerethenfedonto
a pulse-shaping SSFBG fabricated with the correct phase and
amplitude reflectivity profile to convert the 2.5-ps solitons into
20-ps rectangular pulses. The characteristics of the particular
grating and details of how it both operates and performs as a
rectangular pulse generator have been previously reported [5].
The measured triangular autocorrelation profile of the rectan-
gularpulses, so generatedalongwiththeir opticalspectrum (see
inset Fig. 2), is shown in Fig. 2, along with the autocorrelation
of the original 2.5-ps soliton laser pulses.
The other component of the 10-GHz 2.5-ps pulse stream,
splitoff from the laser which was first amplified and then fed
to the control port of a dual-wavelength NOLM that we em-
ployed as a wavelength converter (WC). The WC-NOLM in-
corporated a 1-km-long DSF with a zero dispersion wavelength
of nm. This nonlinear switch allowed us to modu-
late the output of a continuous-wave distributed feedback laser,
operating at 1544 nm using the 1557-nm control pulses. By ap-
propriately setting the loss and polarization of light within the
WC-NOLM, and filtering out the 1557-nm control pulses at the
loop output, we were able to generate a 10-GHz train of high-
quality 3.5-ps pulses at 1544 nm (Fig. 2). Importantly, for this
demonstration, this pulse train was synchronized to 2.5-Gb/s
datastreamgeneratedwithinthefirstchannel.Havinggenerated
these two synchronized pulse streams at two different wave-
lengths, we were in a position to measure the switching char-
acteristics of two-wavelength nonlinear switches, controlled by
either2.5-Gb/s20-psrectangularpulses,or2.5-pssolitonpulses
at 1557 nm.
The first switch that we investigated was a dual-wavelength
NOLM, similar to that used for the wavelength conversion
process. In this instance, however, the control signal was now
a data-modulated signal, and the signal to be switched was a
10-GHz train of 3.5-ps optical pulses at 1544 nm. The system,
thus, operated as an all-optical modulator in this configuration,
and which for convenience, we refer to as an M-NOLM. Note
Fig. 3. Switching windows of the NOLM-based OTDM demultiplexer with
respect to relative timing mismatch between control pulses and data pulses.
Solid line (—): Calculation for rectangular control pulses. Dashed line (--- ):
Calculation for soliton control pulses. Circle ( ): Experiment for rectangular
control pulses. Triangle (4): Experiment for soliton control pulses.
that by reversing the input and control signals, the system
could be configured to act as an all-optical demultiplexer. The
1544-nm pulse train incident to the switch was first passed
through a tuneable delay line to allow us to adjust the arrival
time of the 1544-nm pulses relative to the rectangular control
pulses. By adjusting and measuring this relative arrival time
delay and monitoring the loop output at 1544 nm, (for a suitable
control pulse power), we were able to determine the switching
window of the device and to establish its sensitivity to timing
jitter.
In Fig. 3, we plot both the experimentally observed and the-
oretically predicted switching window of the M-NOLM oper-
ating at 1544 nm, using both 20-ps square and 2.5-ps control
pulses. A good rectangular switching characteristic with a 3 dB
width of 20 ps is obtained using the rectangular control pulses,
as opposed to a value of 4 ps, when driving the switch directly
with pulses from the laser. Note the slight asymmetry in the
switching window that is both predicted theoretically and ob-
served experimentally. This arises from pulse walkoff effects
between the pump-and-probe beams within the NOLM. The ef-
fect, though is small since the DSF used in the M-NOLM, had a
length of only 1 km, a zero-dispersion wavelength of 1554 nm,
and a dispersion slope of 0.07 ps/nm -km. These results show
thatwecanexpecttoachievearoundfivetimesgreatertolerance
to timing jitter by converting the control pulses to rectangular
pulses in this instance.
In order to confirm the system impact of using rectangular
control pulses, we performed bit-error-rate (BER) measure-
ments on the M-NOLM switch performance. These results are
summarized in Fig. 4. Errorfree penaltyfree performance was
readily achieved over a 7-ps delay range for the rectangular
pulse driven switch versus a 1-ps range for the switch driven
directly with the 2.5-ps laser pulses.
Next,weinvestigatedtheswitchingwindowofanSOA-based
switch employing FWM as the optical switching mechanism.
Theexperimentalsetupwasessentiallythesameasthatusedfor
the NOLM. However, it is to be appreciated that the optimum
switchingpowersrequiredfortheSOA-basedscheme( 7-dBm
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